The solvent extracts of aromatic plants contain both volatile (e.g. essential oils) and non-volatile compounds. The biological activities (antibacterial, anti-oxidant, antiplasmodial and anticancer) of the solvent extracts of three South African Salvia species (Salvia africana-caerulea, S. africana-lutea and S. lanceolata) were evaluated in the presence and absence of the essential oils. The solvent extract of S. africana-caerulea free of essential oil exhibited the best activity against Gram-positive bacteria (MIC value: 0.4 mg/mL), while the solvent extract containing essential oil of S. lanceolata was the most active against Gram-negative bacteria (MIC value: 2.0 mg/mL). No significant difference was obtained in the antiplasmodial activity of the solvent extract with or without the essential oils of S. africana-caerulea and S. lanceolata, while the activity of the solvent extract without essential oil was significantly higher than that of the solvent extract containing the essential oil in S. africanalutea (p < 0.05). The toxicity profile of all three species was significantly higher (p < 0.05) with the solvent extracts containing essential oils than when assessed in the absence of the essential oil.
Aromatic plants have traditionally been used in folk medicine, as well as to extend the shelf-life of foods. Salvia is one of the commonly used plants in South African traditional medicine [1] and 26 species are found in this part of the world. In our previous investigations [2] [3] [4] , it was observed that the essential oils and the solvent extracts of indigenous Salvia species exhibited a broad range of biological activities including anti-oxidant, anti-inflammatory, antiplasmodial, antibacterial and anticancer activities.
The essential oils and solvent extracts also displayed various levels of toxicity against kidney epithelial cells, with the toxicity of the essential oils being greater than that of the solvent extracts [2] . Solvent extractions generally contain both the essential oils (volatiles) and non-volatile compounds (e.g. phenolics). Although the percentage of the essential oil present in Salvia species is low (less than 0.50%, w/fw) [5] , it is important to evaluate the possible contribution of the essential oils to the biological activities of the solvent extracts, and to determine whether their presence interacts in an antagonistic or synergistic manner with the non-volatile constituents.
The objective of this study was thus to evaluate the antibacterial, anti-oxidant, anticancer and antiplasmodial activities of two solvent extracts (with and without essential oils) of three Salvia species, and to compare their toxicity profile on kidney epithelial cells.
Antibacterial activity:
A comparison between the activities of the solvent extracts containing essential oils and the solvent extracts without essential oils are shown in Table 1 . The best activity against Gram-positive bacteria for all three plant species was obtained with the solvent extracts devoid of essential oils. In contrast, the best activity against Gram-negative bacteria was obtained with the solvent extracts containing essential oils (MIC values ≤ 6 mg/mL) ( Table 1 ). The solvent extracts and essential oils of indigenous Salvia species are known to exhibit varying degrees of biological activities [2, 5] . Solvent extracts exhibited some degree of activity against bacterial pathogens (MIC values < 8 mg/mL) [6] . In this study, it was found that the presence of essential oils either antagonized or contributed in an additive manner to the activity of the solvent extracts against Gram-positive bacteria (where the MIC values were higher or unchanged compared to the solvent extracts without essential oils). Synergistic effects on the activity of the solvent extracts against Gram-negative bacteria were obtained, with MIC values lower than those for the solvent extracts without essential oils (Table 1) .
Cytotoxic effects on cancer and kidney epithelial cells:
The results for the anticancer activity of the two solvent extracts (with and without essential oils) against two cancer cell lines and Graham cells are shown in Table 1 . A paired sample t-test showed no significant difference in activity between the solvent extracts containing essential oil and the solvent extract without essential oil against the HT-29 cell line (p > 0.05). The solvent extract of S. africanalutea containing essential oil was significantly less active than the solvent extract without essential oil against the MCF-7 cells (p < 0.05). In contrast, the solvent extract containing essential oil of S. africanacaerulea exhibited the most favorable activity against both cell lines; there was no difference in activity between the two solvent extracts of S. lanceolata against the MCF-7 cell line. A paired sample t-test indicated that the toxicity of the solvent extracts to kidney epithelial cells was significantly lower in the absence of the essential oils (p < 0.05), implying that the essential oils significantly contributed to the toxicity of the solvent extracts of these three species.
The presence of the essential oils in the solvent extracts slightly increased the activity of the solvent extracts against the cancer cells, while the cytotoxic effects on the kidney epithelial cells significantly decreased (p < 0.05) when the extracts were free of the essential oils, implying that the essential oils contribute to the overall toxicity of the solvent extracts. The presence of the essential oils in the solvent extracts seems to have beneficial or adverse effects, depending on the type of cells concerned. The American National Cancer Institute guidelines set the limit of activity for crude extracts at an IC 50 value of less than 30 µg/mL [7] . The solvent extracts (with and without essential oils) exhibited promising activity with most of the IC 50 values being lower than 30 µg/mL (Table 1) , and thus may be considered for further investigation. Although the mechanism of action of the essential oil is not clearly understood, the hydrophobic compounds present in essential oils are proposed to disrupt cell membranes, resulting in increased permeability to ions which cause cell death [8, 9] .
Antiplasmodial activity:
The antiplasmodial activity of the two solvent extracts against the chloroquineresistant P. falciparum strain is depicted in Table 1 . These results confirm that species belonging to the genus Salvia contain metabolites with considerable antiplasmodial potential. In all cases, the antiplasmodial activity of the solvent extracts (with or free of essential oils) was significantly lower (p < 0.05) than the activity of the essential oils ( Table 1 ). The solvent extract of S. africana-lutea
Biological activities of the solvent extracts of Salvia species Natural Product Communications Vol. 3 (7) 2008 1113 free of essential oils exhibited significantly greater activity (p < 0.05) compared to the solvent extract with essential oils ( Table 1) . None of the solvent extracts were as active as quinine sulfate. It has previously been reported that the antiplasmodial activities of the essential oils are generally greater than that of the solvent extracts for the same plant [2, 10] . However, this study has demonstrated that the removal of the essential oils did not significantly reduce the antiplasmodial activity of the solvent extract for S. africana-caerulea and S. africana-lutea.
Anti-oxidant activity: The anti-oxidant activity of the two solvent extracts is shown in Table 1 . None of the extracts were as active as vitamin C. A paired sample t-test showed that the activity of the solvent extract of S. africana-lutea containing essential oils was significantly lower (p < 0.05) when compared to the activity of the solvent extract without essential oil. Although no significant difference was observed in the activity of the two other species, the solvent extracts containing essential oils exhibited lower antioxidant activity than the solvent extract without essential oils. This suggests that the essential oils contributed minimally to the anti-oxidant activity of the solvent extracts. We previously demonstrated that the essential oils of Salvia species exhibited poor anti-oxidant activity against the DPPH˙ (IC 50 values > 100 µg/mL) [3] . Therefore, their removal from the extract will only increase the concentration of anti-oxidant compounds present in the non-volatile fraction of the extract. This is the first study investigating the effects of essential oils on the biological activities of solvent extracts. We have demonstrated that relatively small amounts of essential oil in the solvent extracts may have antagonistic, additive or synergistic effects on the biological activities of the solvent extracts. Although, the removal of the essential oils in the solvent may reduce their efficacy, extracts seem to be less toxic to kidney epithelial cells when essential oils are removed.
Experimental

Plant material, isolation of the essential oils and preparation of the solvent extracts:
Three species, namely Salvia africana-caerulea, S. africana-lutea and S. lanceolata, all collected from the South Western Cape Province of South Africa, were investigated. The essential oils were isolated by hydrodistillation using a Clevenger apparatus for 3 h, while the extracts were prepared with a mixture of methanol:chloroform (1:1, v/v). In order to investigate the role of the essential oils on selected biological activities, the residue of the plant material and the distillation water in the Clevenger was airdried at room temperature and then extracted with methanol:chloroform (1:1) in a water bath for 3 h at 40°C. The plant material, air-dried, is referred to 'as the solvent extracts containing essential oils or solvent extracts with essential oils'. The residual plant material and distillation water remaining in the Clevenger apparatus, which was then air-dried and also extracted with methanol:chloroform, is referred to as 'the solvent extracts without essential oils or solvent extracts free of the essential oils'.
Antibacterial activity:
The antibacterial activities of the solvent extracts were determined on Staphylococcus aureus (ATCC 25923), Bacillus cereus (ATCC 11778), Escherichia coli (ATCC 8739) and Klebsiella pneumoniae (NCTC 9633) strains using the microtiter plate assay [11] . Solvent extracts (64 mg/mL) in acetone were serially diluted with sterile water in a 96-well plate. Bacterial suspension (approximately 1 x 10 6 CFU/mL) was then added to the wells prior to incubation for 24 h at 37°C. A volume of 40 µL p-iodonitrotetrazolium chloride [0.04% (w/v); Sigma] was added directly into the culture medium [Tryptone Soya broth (Oxoid)] in each well, and the minimum inhibitory concentration (MIC) determined after 6 h. The assay was performed in duplicate and repeated at least twice. Ciprofloxacin (Merck) was used as the positive control. The final concentration of acetone (6.25%) in the well had no effect on bacterial growth.
In vitro cancer cell line maintenance and sulforhodamine B assay:
Two cell lines: the breast adenocarcinoma MCF-7 (National Cancer Institute, USA) and the colon adenocarcinoma HT-29 (Highveld Biological) were used. The two cell lines were cultured in RPMI-1640 and DMEM culture medium (Highveld Biological), respectively, and supplemented with 10% fetal bovine serum. The colorimetric sulforhodamine B (SRB) assay was performed [12, 13] . Cell suspensions (100 µL) were seeded at 15,000 cells/well and incubated for 24 h at 37ºC. Thereafter, different sample dilutions were added to the appropriate microtiter wells and the plate incubated for a further 48 h. At the end of the second incubation period, cells were fixed with 50 µL (50% w/v) ice-cold trichloroacetic acid (TCA; Saarchem) for 1 h at 4ºC. TCA-fixed cells
